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For decades, many archaeologists did not consider ancient Maya centers such as
Tikal, Palenque, and Copán to be cities. While today most archaeologists would agree
that large Maya centers were cities, the nature of Maya urbanism is still little understood.
Maya cities seem different, and in attempt to explain these differences, they have been
termed “garden cities” and “low-density agrarian-based cities.” In this thesis, I apply
Settlement Scaling Theory (SST) — a quantitative framework for examining the
mathematical relationships between human population, social connectivity, and other
socioeconomic urban properties — to examine the quantitative relationship between
population and area for communities in Copán, Honduras in order to investigate
community organization in the Late Classic period (ca. 695-820 CE). This timeframe
spans the reigns of Copán’s final four dynastic rulers (13-16) culminating with the
dynasty’s collapse in the early ninth century. The intent of this study is to contribute to

the broader research on Maya urbanism, starting with ethnographically defined
boundaries (i.e., sian otots) and investigating the implications of scaling relationships on
urban dynamics in the ancient Maya city of Copán, Honduras. Among other things, SST
predicts that an urban system will become proportionally denser as population increases,

yet as low-density urban systems ancient Maya centers such as Palenque exhibit an
inversion of the expected area-population relationship (Smith, Stuardo, and Lobo 2018).
The results presented in this thesis, however, indicate that ancient Copán exhibits an areapopulation scaling relationship closer to the predicted model of SST where settlement
density increases with population. This suggests that Copán may not share the same lowdensity urban organization as other Maya centers, which exhibit increased settlement area

with population, and that there may be additional factors at play that affect settlement
scaling, or possibly regional variations in scaling among cultures.
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CHAPTER 1: INTRODUCTION
For decades, many archaeologists did not consider ancient Maya centers to be
cities (e.g., V. Gordon Childe 1950); rather, they were interpreted largely as ceremonial
complexes. While today most archaeologists agree that large Maya centers were cities,
the nature of Maya urbanism is still little understood. Maya cities seem different from
western notions of cities with their lack of gridded streets, multifunctional buildings,

seemingly haphazard layout and lack of commercial spaces or market places (though
increasingly researchers are contesting this last assumption and identifying evidence to
the contrary [e.g., Chase and Chase 2017]). Some scholars explain these differences by
interpreting them as “garden cities” (Chase and Chase 1998) and/or “low-density
agrarian-based cities” (Barthel and Isendahl 2013; Fletcher 2009; Isendahl and Smith
2013; Lucero, Fletcher, and Coningham 2015). In this thesis, I build on recent

archaeological research to employ settlement scaling theory (SST) to investigate the ways
that such low-density urbanism manifested (or did not manifest) in the spatial
arrangement of sites at the Maya city of Copán, Honduras.
Settlement scaling theory (SST) is based upon the notion that relationships and
patterns observed in settlement structure, social interaction, movement within a
landscape, population, and the use of space in urban systems can be expressed
mathematically using power law equations. It places emphasis on settlements as locales
of human interaction so that scholarly interest lies in the social networks that are
embedded in built environments rather than physical features. However, it is the
arrangement of physical features that provides archaeology (and other disciplines) data to
calculate potential human interactions within specific areas. SST offers a quantitative
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approach to understanding ancient Maya cities in relation to other urban traditions
through time and space (Smith, Stuardo, and Lobo 2018) that can be employed to
compare ancient Maya cities to build on a growing body of scholarship on Maya
urbanism. Maya kingdoms were heterogenous in their layout, architectural styles, and
geographic location. As a major center situated on the southeastern periphery of the Maya
world, research at Copán can enrich both our understanding of variation between

individual Maya urban systems and our understanding of urbanism in transitional cultural
areas.
In Chapter 2, I provide an overview of SST, its theoretical underpinnings and
context within archaeology, and the circumstances in which researchers have applied this
approach in order to understand human behavior and social conceptualizations of space in
both past and present societies. I start with an overview of how settlement scaling has

been utilized in previous studies, as well as detail the types of data necessary to apply the
concepts to archaeology. I follow with a brief overview of the mathematical framework
of settlement scaling with particular focus on equations and relationships directly relevant
to this study. Finally, I discuss the scaling relationships that I expected to find at Copán
based on settlement scaling research conducted at the Maya center of Palenque by Smith,
Stuardo, and Lobo (2018).
In Chapter 3, I provide an overview of the ancient Maya site of Copán — the
archaeological site that is the subject of my research — its geographic and environmental
location, and review previous studies on the use and organization of space in the valley.
Today, Copán is a UNESCO World Heritage Site located in northwestern Honduras but
in the past, it was near the southeastern edge of the Maya world. My research focuses on
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Copán's history between 695 and ca. 810 CE, encompassing the latter half of the Late
Classic and Terminal Classic periods from the reigns of Ruler 13 (Waxaklajuun Ub'aah
K'awiil) and Ruler 16 (Yax Pasaj Chan Yoaat). I include a discussion of the current
understanding of social, political, and economic organization at Copán, including the sian
otot community model that I utilize during the settlement scaling process.
For this study, two factors make Copán a good choice for a settlement scaling

analysis. First, the layout of the Main Group and the structures in the surrounding Urban
Core have been analyzed in terms of social integration (Richards-Rissetto 2010, 2012,
2017), mobility (Richards-Rissetto and Landau 2014), activity area as defined via
ceramic analysis (Hendon 1987), socioeconomic residence patterns (Leventhal 1979;
Willey, Leventhal and Fash 1979), as well as settlement history and demography (Fash
1983; Freter 1988). This means that there is a wealth of archaeological data available for

comparison and interpretation for settlement scaling analysis at Copán. Second, a large
amount of geospatial data on Copán was readily available for this study.
In Chapter 4, I describe the research and analysis undertaken for this study. This
includes descriptions of the primary dataset, the steps undertaken to prepare the data for
analysis, the data requirements for settlement scaling and complications that arose during
the process. One key complication is disparity in the estimates of areal extent, population
size and distribution, and terminology at Copán because of its long history of research
and excavation since the 1800s (Fash 2001). I include a comparison of the details from
relevant studies and explain my decisions on these topics as needed to prepare the data.
Chapter 5 contains a discussion of the results of the study and their implications
for the understanding of the dynamics of Maya urbanism. I discuss interpretations of the
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results and how they compare to other archaeological studies that utilized settlement
scaling. I then compare the results in this thesis to those of a similar study undertaken by
Smith, Stuardo, and Lobo (2018) at the Maya center of Palenque, whose findings imply
that Palenque and Copán have surprisingly different scaling relationships. Additionally, I
discuss several follow-up tests that I performed to check the results for bias and consider
potential causes.

In Chapter 6, I give my concluding thoughts on the results and consider future
directions for this research. I present several ways that additional data or subsequent data
refinement could build on this scholarship to further our understanding of variation in the
scaling properties of cities and Maya urbanism. I also discuss the need for more research
that utilizes SST to test other cities like Copán and Palenque that defy expectations and
allow us to better understand the factors that influence scaling properties.
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CHAPTER 2: SETTLEMENT SCALING IN ARCHAEOLOGY
Settlement scaling theory is a theoretical framework outlined by Bettencourt
(2013) as a method for examining patterns in the social, economic, and infrastructural
development of urban systems worldwide, regardless of location or time period.
Settlement scaling focuses on explaining patterns in the function of urban landscapes to
understand how and why urban systems develop and evolve. The scaling properties of

urban systems are quantifiable and can be expressed through statistical relationships;
most importantly, these scaling relationships appear to be independent of a culture or
civilization's technological advancement. The basic premise of settlement scaling theory
is that "most urban properties, Y, vary continuously with population size" Bettencourt
(2013, 1438). Thus, a settlement hosting a population that is several orders of magnitude
greater than the population of a neighboring settlement will exhibit different urban

properties, even when acted upon by the same basic forces. Bettencourt sought to develop
a mathematical framework to examine the functional, socioeconomic, and structural
characteristics of cities, utilizing certain properties (e.g., socioeconomic output, urban
infrastructure development, number of interpersonal interactions) that scale with the size
of a settlement's population.
Building off of previous research which implied that properties basic to urban
systems could be modeled mathematically (e.g., Bettencourt et al. 2007; Bettencourt et al.
2010), Bettencourt worked to create a cohesive explanatory theory of the origin of scaling
relationships in cities. Archaeologists have applied formulas and methodologies derived
from settlement scaling to examine human interaction patterns, changes to infrastructure
and the efficiency of movement in response to population shifts over time, energy
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expenditure, urban maintenance costs, and economic yields at the household level within
a population (e.g., Ortman et al. 2016; Ortman and Coffey 2017). Other potential
applications include the study of land rent, income, rates of innovation, and urban
development and planning (Bettencourt 2013). SST therefore offers a framework for
testing empirically defined patterns, models, and categories mathematically.
2.1 Background

While originally proposed based on observable patterns in modern urban settings
(Bettencourt 2013), the framework provided by SST remains useful when studying past
societies due to the flexibility of its requirements and focus on variables common to all
urban systems (Ortman et al. 2015). More specifically, while settlement scaling models
can be used to predict household productivity and per capita socioeconomic outputs, the
assumptions and models of the theory are based on average proportional relationships as

they manifest in physical space and so are not tied to any one social or economic system
(Ortman and Coffey 2017). This means that the concepts may be applied to different
populations that are greatly removed in time from one another with equal success and
relevance, which is necessary for studying patterns of infrastructure, land use, and human
interaction in the past. Here, I give a brief overview of the concepts and theory of
settlement scaling, followed by descriptions of useful analytical models, applicability to
ancient urban environments, and use of scaling in previous studies.
Bettencourt (2013) notes that the characteristics of most urban systems (be they
social, economic, or infrastructural in nature) vary in relation to the size of the urban
system itself. Despite the immense range of forms and sizes that settlements can take,
their properties are affected by a small set of variables that appear to be universal, such as
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population size. Further, properties of spatial, infrastructural, and social facets of cities
show interdependent relationships. The goal in laying out the settlement scaling
framework was to create a "unified and quantitative framework to understand, at a
theoretical level, how cities operate and how these interdependencies arise" (Bettencourt
2013, 1438). The premise is that, if the cities of early civilizations exhibit similar scaling
properties as modern cities, then there may be certain underlying principles that are

fundamental to human behavior or interactions when in urban landscape that are relevant
to the study of both modern and archaeological settlements. The viability of the
assumption of settlement scaling's applicability in archaeological contexts was first
evaluated by Ortman et al. (2014, 2015) using settlements in the Pre-Hispanic Basin of
Mexico, who found that ancient settlements showed population-based scaling
relationships comparable to those in modern settlements. The framework laid out by

settlement scaling theory is therefore highly useful for studying fundamental urban
relationships because it is general enough to be applicable to the myriad forms of urban,
social, and economic structure, and it allows for testable predictions about settlements
using common, measurable properties (Lobo et al. 2019).
SST is structured around a series of base assumptions concerning the ways in
which individuals and groups arrange themselves in space in relation to resources, to
locations of significance, and to each other. The properties of urban systems are seen as
varying continuously with population and are conceptualized as the products of human
interaction in space and time, bounded by movement through urban infrastructure and the
energetic cost of interaction. Bettencourt (2013) noted that as a settlement grows larger,
the movements of people, goods, and services are increasingly funneled through
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networks of infrastructure. SST reflects this core idea. The base assumptions of
Bettencourt's models are that: (1) settlements develop to maximize the ability of
inhabitants to travel to any point within the system with minimal resources, (2)
infrastructure networks expand incrementally to accommodate and connect inhabitants as
the number of people in a settlement increases, (3) there are limits on human effort, such
that the socioeconomic productivity of interactions per capita within a settlement is

independent of the settlement's population but constrained by its infrastructure (e.g., a
person's movement is limited by the capabilities of the modes of transportation available
to them [Lobo et al. 2019]), and (4) settlements concentrate both populations and social
interactions, and the socioeconomic productivity of a settlement is proportional to total
interactions, meaning that larger concentrations of people are more productive on average
(Bettencourt 2013), and high-density urban systems are hotbeds of productivity and

exchange.
These assumptions frame many urban properties as interdependent relationships.
The relationships between the average area and infrastructure of settlements exhibit
"economies of scale", and the relationships between population and socioeconomic
productivity exhibits "increasing returns to scale" (Ortman et al. 2016). Simply put, this
means that on average larger settlements take up less space and hold less infrastructure
per capita than smaller settlements (economies of scale), but also produce more
socioeconomic outputs (returns to scale). This predicts that a settlement will become
denser and wealthier as its population increases and will do so at a higher rate the larger
its population becomes (Ortman and Coffey 2017).
2.2 Settlement Scaling Models
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SST is defined by quantitative relationships involving elastic and universal
properties of cities that scale with settlement population (Ortman and Coffey 2017). SST
models are reductionist, as a small set of variables are assumed to account for these
relationships. Additional variation in settlement properties is noted as settlement size
increases and infrastructure and transportation networks become increasingly formalized,
such that the value of certain coefficients change depending on how spatially structured

(to what extent an access network has developed) a settlement is.
The mathematical models derived from these assumptions are discussed
extensively in other studies (e.g., Bettencourt 2013; Ortman et al. 2014, 2015; Ortman et
al. 2016; Ortman and Coffey 2017; Lobo et al. 2019). I provide here the basic forms of
settlement scaling models, and the specific variations relevant to this study. The exact
letters used in the models for constants differs slightly between sources, so I retain the

forms as they appear in the studies cited. The base format of most equations for scaling
relationships is that of a power law equation, in that the relationship between population
and other properties of urban systems is:
Y = Y0Nβ
where N is a proxy for population and Y0 and β are constants (Bettencourt 2013). This
means that a change in one property is expected to elicit a proportional change in related
properties in a measurable and predictable way. Additionally, the average cost for an
individual to move and interact within a settlement is:
c = εA1/2
where ε is the energetic cost of movement and A is settlement area (Ortman et al. 2016).
Both of these models assume a relatively small and amorphous settlement pattern
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(lacking well-structured access networks). For settlements large enough that interactions
are channeled into access networks (e.g., roads, footpaths, sidewalks, etc.) like in modern
cities, the total area of a settlement's access network is:
An ∼ Nd = A1/2N1/2
where d is the area of an individual's network, and A and N stand for settlement area and
population respectively as before (Ortman and Coffey 2017). A large number of

equations can be derived from these three, allowing archaeologists to model a wide range
of scaling relationships, including equations for household productivity, income, and task
specialization. It is possible to mathematically account for additional factors such as time
and the socioeconomic or sociopolitical context specific to a settlement (Lobo et al.
2019), but generally SST deals in average trends rooted in the cost-benefit relationships
specific to human interaction.

The scaling relationship between settlement area and settlement population can be
expressed as:
X(N) = X0Nβ or A = aNɑ
where A is settlement area, a is a measure of area per person in the dataset's smallest
settlement, N is population (or a suitable proxy), and ɑ ≈ 2/3 when N is based on
structure count and the settlement is "amorphous" (Ortman et al. 2016; Ortman and
Coffey 2017). For settlements that are highly networked, such as modern cities, ɑ ≈ 5/6
(Ortman et al. 2015). The values for the constants in these settlement scaling equations
are estimated through ordinary least-squares regressions (OLS) using log-transformed
data, by expressing the area-population relationship as a linear function:
X(N) = X0Nβ or logX(N) = βlogN + logX0
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(Ortman et al. 2016). Alternatively, these equations can be written as y = bXm and ln(y) =
mln(X) + ln(b), in which case the coefficient of the scaling relationship is the slope of
the trend line when the relationship is graphed. The use of common logarithm (log10) or
natural logarithm (ln) in the OLS regression does not appear to affect the value of scaling
coefficient (β), though the choice does affect the graphing scale and the value of the yintercept (see Figure 5.1 and 5.2 for a comparison).

In this study, I assume that the amorphous settlement scaling model (where β ≈
2/3) should be the most applicable to Late Classic Copán if Copán conforms to the
sublinear scaling relationship predicted by SST. The total structure count for the pocket is
3,785 (or 4,163 adjusted for missing structures [see Chapter 4]) and there is a general
lack of a formalized access network in the pocket beyond the sacbeob that run West and
East of the main ceremonial complex. Both my total, the adjusted total, and the

residential structure counts fall below the 5,000-structure cutoff for amorphous
settlements given by Ortman et al. (2015), so describing the urban layout of Copán as
"amorphous" seems reasonable in this case. However, as Copán is a Maya site, and Maya
sites typically demonstrate low-density urban design, I expected Copán to instead
demonstrate a superlinear relationship between area and population, where an increase in
population should result in a greater increase in settled area and therefore a decrease in
population density. In such a case, the results of my linear regression were expected to
resemble the results calculated by Smith, Stuardo, and Lobo (2018) for the relationship
between area and population in the urban system of the Maya center of Palenque,
Mexico; that is, I expected Copan to exhibit low-density urbanism.
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Smith, Stuardo, and Lobo (2018) applied SST to Palenque and its hinterland to
test the observed trend that larger Maya cities (and settlements) on average are less dense
than smaller ones. Their results are based on 44 sites in the Palenque urban system and
indicate that Palenque does exhibit a superlinear relationship between settlement area and
settlement population. The scaling coefficient (β) for Palenque is 1.307, which implies
that a 1% increase in population on average would result in a 1.3% increase in settlement

size. If Copán exhibits a low-density urban system like Palenque, one would expect that
Copán's scaling coefficient would also be greater than 1.0, such that a change in
population yields a larger change in settlement area. Additionally, results identifying
Copán as a low-density system would further support the concept of distinctive urban
dynamics specific to Maya urbanism and low-density urbanism systems in general,
especially if Copán demonstrated a scaling coefficient value similar to Palenque's 1.3.

When working in a modern context, acquiring the necessary data for settlement
scaling is more or less straightforward. Population, housing, GDP, and infrastructure data
can be drawn from government agency surveys such as a census or government
geospatial databases. In an archaeological context, such record keeping cannot always be
relied on, and so often the relevant data must be acquired by the researchers through
epigraphy, survey, and excavation. Copán benefits from extensive research, but there is
still much about the site's occupants that remains uncertain. Epigraphic studies can reveal
Copán's dynastic history, but not the average population of households or the ratio of
nobles to commoners in the region. Such data instead must be gathered from the
archaeological record or estimated via proxies through study of the site's settlement
history.
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CHAPTER 3: COPÁN, HONDURAS, AND LOW-DENSITY URBANISM
Copán — the ancient Maya kingdom — was once a major regional center situated
along the Copán River in a lush valley at the southeastern edge of the Maya cultural
region (Figure 3.1). The Copán Valley is located in the extreme northwestern portion of
modern-day Honduras, and at its height the polity (kingdom) likely influenced adjacent
tributary river valleys such as the Sesesmil to the north and west to Quiriguá, Guatemala

(Fash 2001). At its peak, the polity governed an area of about 250 km2, though its Urban
Core was significantly smaller in size (approx. 3.27 km2).
The site history, architecture, rulership, and archaeology of the Late Classic Maya
at Copán have been extensively researched, debated and surveyed for decades (e.g.,
Baudez 1983; Davis-Salazar 2003; Fash 1983, 2001; Freter 1988, 2004; Hendon 1987;
Richards-Rissetto 2010, 2012; Turner et al. 1983; Webster 2005; Willey and Leventhal

1979; Willey, Leventhal, and Fash 1978). I do not go into specific details of Copán’s
architecture, epigraphy, and archaeology in this thesis except where directly relevant to
the discussion, as settlement patterns are my main focus. SST, the primary analytical
method used here, is concerned with the spatial arrangement of persons, activities, and
habitations across a landscape and specifically the ways that topography, environment,
and socioeconomics affect such arrangements. As such in this chapter I provide an
overview of the terrain, environment, and geography of ancient Copán. I also discuss the
ways that previous researchers have classified and analyzed space and sociopolitical
organization at Copán. I end with a discussion of sian otots, ethnographically defined
communal groups based on terrain and access to water proposed by several
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archaeologists as sub-communities at Copán (Davis-Salazar 2003; Fash 1983; Freter
2004).
3.1 Terrain and Geography
The Copán Valley is characterized as a river valley enclosing fertile bolsas or
“pockets” of alluvial soil, centered around the Río Copán and its major tributaries like the
Sesesmil and Santa Rita; the entire watershed covers an area of approximately 400 km2

(Baudez et al. 1983; Freter 2004). There are five pockets in the system: Copán, Río
Amarillo East, Río Amarillo West, El Jaral, and Santa Rita (Freter 1988; Webster 1999)
(Figure 3.2). These five pockets occur at the confluence of the Río Copán and several
tributary rivers, where the surrounding hills and high mountains constrict in such a way
as to physically section off portions of arable land. The Copán Pocket sits in the
southwestern portion of the valley system and is the focus of this study. It is the largest of

these alluvial pockets and contains the richest soils and largest concentration of
prehistoric structures and features in the region. The Copán Pocket encompasses an area
of approximately 24 km2 (Figure 3.3). Its boundaries are conceived of as following the
valley shape and oriented southwest to northeast. While its dimensions are irregular, they
can be roughly stated as being 12 km by 2-4 km (Freter 2004). The floor of the Copán
Pocket sits at approximately 600 m above sea level, while some of its surrounding hills
and mountains reach 1400 m asl (Webster 1999). The floodplain widens somewhat
southwest of the Main Group.
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Figure 3.1: Geographic location of Copán (From Richards-Rissetto and Landau 2014)

Figure 3.2: LiDAR digital terrain map of the Copán Pocket
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Figure 3.3: Map of settlements in the Copán Valley, detailing the pockets (from Freter 2004).
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The highly variable topography present in the Copán Pocket is divided into five
physiographic zones of differing size (Willey and Leventhal 1979). The modern
floodplain along the Río Copán is designated as Zone 1; Willey and Leventhal (1979),
Fash (1983), Richards-Rissetto (2010) and others have noted that there is a distinct lack
of archaeological sites or evidence of settlement within this zone. A reason for this has
not yet been determined, but there are several plausible explanations. It is possible that

the Maya only used perishable materials when building structures along the river, that the
river has obscured structures through erosion or deposition, or that the Maya simply did
not build structures in this zone (Fash 1983; Richards-Rissetto 2010). Regardless of the
reason, the absence is noticeable, especially in areas west of the Main Group.
Zone 2 encompasses the lower terrace north of the floodplain in the eastern
portion of the pocket, in which lies the Main Group and two heavily populated adjacent

sub-communities — Las Sepulturas and El Bosque. This zone contains both the area of
densest settlement at Copán and likely saw the earliest occupations (Hall and Viel 2004).
Zone 3 encompasses the hilly area north of Zone 2 and the Main Group. This zone is
generally distinguished from Zone 2 based on changes in elevation and settlement
patterning. Sites within Zone 3 appear to be placed with greater consideration for the
topography. Many are placed on natural terraces in smaller groupings and are in close
proximity to quebradas (stream cuts), or natural springs (Leventhal 1979). This region
appears to have been settled early in Copán's history (Fash 1983). Three of the sian otots
that are located within this zone (Chorro, Salamar, and Comedero) are included by
Richards-Rissetto (2010) as part of the dense urban sector that covered Zone 2 during
Copán’s height, though they were not included in many older studies (e.g., Freter 2004).
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Zone 4 contains all of the lower terrace and foothills south of the river but is
believed to have been far less densely settled, perhaps because it may have been the main
agricultural section of the pocket (Fash 1983; Leventhal 1979). Zone 5 includes all of the
western half of the pocket north and south of the river and west of Copán Ruinas, the
modern pueblo, excluding the floodplain. Zone 5, which comprises much of the western
portion of the pocket, is primarily delineated based upon settlement history and land use.

The zone is believed to have been primarily agricultural and therefore settled
comparatively late in Copán's history, though several larger site groupings can be found
within this zone on both sides of the river.
Fash (1983) and Turner et al. (1983) define the physiographic zones of the pocket
in a similar manner to Willey and Leventhal (1979) but do not factor in the distribution of
archaeological sites, instead focusing on terrain. They divide the pocket into four zones:

riverine bottomlands, foothills, intermountain pockets, and ridgelands. The riverine
bottomlands zone includes Willey and Leventhal's Zone 1 and 2, along with parts of Zone
3, encompassing the floodplains and river terraces. The intermountain pocket zone occurs
in only two locations: Ostuman and Petapilla (see Figure 3.4). Generally, this model
serves to separate the land in the Copán Pocket by elevation compared to the zones
proposed by Willey and Leventhal (1979).
Wingard (1992) and Webster (2005) note that the land above the floodplain
exhibits considerable variation in slope, and that much of the land in the Copán Valley
has a slope greater than 8 degrees and in some cases exceeding 16 degrees. The slope of
the terrain and the age of soils within the Copán Pocket suggest that erosion may have
been a significant issue during the site's occupation (Wingard 1992), possibly to the point
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of inhibiting terrace construction (Webster 2005). Less than half of the land in the Copán
Pocket itself is relatively flat, but the flood plain is well drained and remains one of the
most fertile spots in the valley (Fash 1983). It is likely that this varied terrain structure
influenced Copán’s site layout, both in the initial settlement and throughout its
occupation as populations increased and more land was required for construction and
agriculture.

Freter (1988) notes that Copán's unique location means that the city had access to
a diverse number of ecological zones within a relatively small geographic location which
presumably offered an equally diverse array of resources to inhabitants. The river flows
year-round and once ran quite close to the southeastern edge of the Main Group in Las
Sepulturas where it bends south, but was shifted away from the buildings during the
Carnegie Project between 1935 and 1946 to protect the site from further damage (Freter

1988; Webster 1999). Elsewhere in the pocket and the valley as a whole, the Río Copán
supported an extensive network of seasonal tributaries (quebradas) that could have
allowed for irrigation agriculture (Hendon 1987).
Archaeologists utilize a number of models to investigate settlement organization
and the use of space in the Copán Valley, in regards to both the city itself as a regional
power and as a major center of the wider Maya cultural tradition. Copán and other Maya
cites are considered low-density urban systems, where central civic-ceremonial centers
are surrounded by dispersed populations and fields (Isendahl and Smith 2012). Within the
pocket, settlement clusters (excluding the Main Group) are divided between subcommunities called sian otots ("many houses" [Wisdom 1940]). At the individual
structure level, archaeologists at Copán group structures into household groups and socio-
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political units using an empirical classification known as the Harvard Typology (Freter
2004; Richards-Rissetto 2012; Willey and Leventhal 1979; Willey, Leventhal, and Fash
1978). Below, I discuss the significance of these models for studies of space and social
interaction, and their relevance to settlement scaling research at Copán.
3.2 Low-Density Urbanism
A low-density city is a system that displays most of the functional hallmarks of an

urban environment (i.e., hinterlands, regional influence, formal institutions) but maintains
a dispersed population. This type of settlement pattern is not unique to the Maya but is
recorded throughout and beyond Mesoamerica, especially in tropical regions; with the
exception of Tenochtitlan, most Aztec cities are labeled as low-density (Isendahl and
Smith 2012), along with ancient Anuradhapura, Ankor, Sukhothai, and Bagan in
Southeast Asia (Fletcher 2009; Lucero, Fletcher, and Coningham 2015). The notion that

the Maya had urban environments at all is a fairly recent observation in Archaeology
(Fletcher 2009), as sites were originally interpreted as primarily ceremonial complexes
(e.g., Vogt 1961).
Isendahl and Smith (2013, 133) note that the low-density systems of "Maya and
Aztec cities were embedded in 'agrarian societies' in the normal social science sense of
the term: preindustrial state-level societies based on a predominantly agricultural
economy." These are cities that sustain themselves by utilizing large swathes of land.
Social spaces and urban infrastructure are interspersed with traditionally rural spaces,
such as garden plots, agricultural fields, or reservoirs. Referring to such systems as "lowdensity" does not imply that they were low population, as estimates for Ankor and
Anuradhapura show. Fletcher (2009) argues that low-density systems are found both
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throughout the world throughout human history, pointing out that even mobile huntergatherer groups or pastoralists may gather into large, low-density settlements seasonally.
As an organization strategy, low-density urbanism appear to be particularly common to
tropical regions, though Fletcher (2009) also argues that modern suburban regions and
large-scale agglomerations of cities in western countries (such as on the US Eastern
Seaboard) can be understood as industrial low-density systems by removing the typical

distinction between cities and their suburbs.
The redefinition of cities based on institutions, infrastructure, and activity to
account for low-density urbanism does not imply a de-emphasis of the influence a
population has on its environs. As discussed in Chapter 2, many properties of cities scale
with population, including settled area (and therefore density). Low-density cities must
deal with the same pressures expected of other urban systems: the need for housing, the

need to feed its population (through trade or agriculture), maintaining access to resources,
providing socioeconomic services, and ensuring access to water for drinking, cooking,
cleaning and irrigation (Barthel and Isendahl 2013). This last point is of particular interest
and I will return to it further below, as there is evidence that access to, and control of,
water sources was particularly important to the maintenance of social position and the
legitimation of political power in ancient low-density populations, including the Maya
(Davis-Salazar 2003; Lucero 2002).
3.3 Archaeology at Copán
Systematic investigation of the Copán Valley began in the 1880s with Alfred
Maudslay, followed by a series of expeditions funded by Harvard's Peabody Museum
between 1881 and 1895 (Hendon 1987; Richards-Rissetto 2010; Webster 1999). These
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expeditions included the first attempt to map Copán, accompanied by excavations and
architectural descriptions of sites close to the Main Group (Hendon 1987, 47).
Investigation of the city was picked up 20 years later by Sylvanus Morley, who focused
on Copán’s epigraphy but was also the first to record habitations outside the Copán
Pocket. Research continued under the Carnegie Institute of Washington between 1935
and 1942 (Hendon 1987; Richards-Rissetto 2010), which focused on excavation and

mapping in areas surrounding the Main Group.
Research at Copán has since shifted to studies on settlement organization and
investigations of the entire pocket. Beginning in the 1970s, Copán has played host to
several systematic survey and excavation projects: the Harvard Project in 1975-1977, and
the PAC I and PAC II projects between 1977-1980 and 1980-1984 (Richards-Rissetto
2010; Webster 1999). Altogether, the participants in these projects performed extensive

excavation, surveying, and mapping in the valley. The geospatial data and maps I use in
this thesis are the eventual derivative of such mapping efforts.
Site History in Brief
The settlement chronology for Copán is based upon epigraphy (using the Long
Count), ceramic sequencing, carbon dating, and obsidian hydration. Dynastic rule in the
region was first recorded in AD 426 with Ruler 1, Yax Kuk Mo (Webster 1999), and
Copán is estimated to have reached its zenith during the Early Classic to Late Classic
transition and into the Late Classic between the reigns of Ruler 13 (Waxaklajuun Ub'aah
K'awiil) and Ruler 16 (Yax Pasaj Chan Yoaat) ca. 695-810 CE. Researchers suggest that
centralized authority in the Copán Valley began to decline after Ruler 13’s capture and
beheading by the nearby (and previous vassal state) of Quirigua in 738 CE (B. Fash et al.
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1992; W. Fash 2001). While Copán’s dynasty lasted another seventy to eighty years, the
dynasty eventually fell ca. 810-820 CE as Copán succumbed to similar environmental
and sociopolitical stresses experienced throughout the Maya world (Freter 1988; Webster
2005). Following the dynasty’s demise, the region was not immediately abandoned,
though power became decentralized and the population dispersed as a result (Webster
1999).

3.4 Organization of Space
The organizational patterns of populations are relevant across multiple scales of
analysis and settlements may be arranged in relation to each other based on multiple
levels of organizational principles (e.g., social, economic, political, religious etc.).
While there is evidence of habitation in the other four pockets (e.g., Freter 2004),
settlement in the Copán Valley was centered on the Copán Pocket, which hosted the

largest population through the Late Classic (Webster 2005). The study of settlement
organization is useful at Copán, as household and community organization often reflect
the social, economic, and political organization of inhabitants at ancient Maya sites
(Ashmore 1981, 1991).
The Harvard Typology
One of the results of the 1975-1977 Harvard excavations was the creation of a
typology for classifying structure clusters (sites) at Copán based on structure height, size,
decoration, and arrangement (Willey and Leventhal 1979). Five classes of increasing
complexity were included in the original typology, with Type 1 representing the smallest
sites and Type 5 representing the largest, most complex site:
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•

Type 1: 3 to 5 structures on mounds less than a meter in height and likely occupied by
a single household. Constructed predominantly of cobble with little dressed stone.

•

Type 2: Sites consisting of 6 to 8 structures occupied by 2 households. May contain
some dressed stone.

•

Type 3: Sites consisting of 6 to 8 structures occupied by three households arranged
into plazas. Dressed stone and sculpture may be present.

•

Type 4: Largest sites consisting of many structures arranged into multiple plazas and
occupied by likely occupied by at least four households. Mounds may be over 5
meters in height, and structures contain dressed stone and sculpture.

•

Type 5: Assigned to the structures in the Main Group.
In this schema, site size and complexity are interpreted as indicators of the wealth and

status of the occupants, and so Types 3 and 4 are considered elite residences (Hendon

1987; Richards-Rissetto 2010). The Main Group is the only Type 5 site at Copán (Freter
2004; Richards-Rissetto 2012; Willey, Leventhal, and Fash 1978; Willey and Leventhal
1979). The site typology I used for this study is an extended version of the Harvard
Typology. In addition to the original types defined by Wiley and Leventhal (1979), it
included a further five types created for labeling and querying purposes within the GIS
database. Four of these types were already present in the database, and the fifth (Type 25)

I created to deal with special cases:
•

Type 0: Corresponds to the Non-Mound, Single Mound, and Aggregate Mound
designations given by Freter (1988; 2004). Not associated with courtyards.

•

Type 10: Assigned to all altars in the database.

•

Type 15: Assigned to all stelae and their associated platforms in the database.
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•

Type 20: Assigned to Copán's sacbeob.

•

Type 25: Special secondary designation given to features I believed to be nonresidential in function. Features labeled as "Type 25" are listed in Appendix I.
The Harvard Typology is used to describe groups of structures based on specific

criteria including mound and structure height, architectural ornamentation, and the
number of structures in the group (Richards-Rissetto 2013; Willey and Leventhal 1979;

Willey, Leventhal, and Fash 1978). Within sites, structures are usually oriented in such a
way that they define central common spaces which archaeologists refer to as a "plazas" or
"patios" (Fash 1983; Richards-Rissetto 2010). In larger sites, particularly Type 4 sites,
multiple plazas can be defined in this way. Sites are interpreted as residences containing
one or more households of nuclear families, extended kin groups, or client families.
While the spatial organization of sites varies throughout the pocket, some patterns are

evident (Fash 1988). One such organizational principle involves proximity and access to
water.
The Preeminence of Water
As with any human society, access to water was crucial to the sustainability of
ancient Maya settlements (Lucero 2002; Scarborough 1998). The settlements in the
pocket had access to both the river and the quebradas that feed it. While the river,

quebradas, and seasonal rainfall together were likely sufficient to supply water for daily
life in the pocket at times, they were not always sufficient sources of water for
inhabitants. The people living close to the Main Group also made use of at least two stillwater lagunas (lagoons), located near the center of the sub-communities on either side of
the Main Group. The presence of the lagoons in densely settled areas so close to the river
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suggests that they held a different significance to residents than the river did (DavisSalazar 2003) and may have been utilized for different purposes.
Karla Davis-Salazar (2003) interprets the lagoons at Copán as both potable water
sources and places of ritual. In fact, she notes that iconographic studies highlight a
prominent use of water lily imagery at Copán in association with elite residencies, and
that the area near the lagoons contain several large sites thought to be elites residences,

suggesting a link between elite authority and access to potable water (Davis-Salazar
2003, 278). She further suggests, based on an analysis of ceramics recovered from the
lagoons, that elites living near the lagoons may have exerted influence on nearby
households through water management strategies, comparing the arrangement of sites to
the sna, or waterhole group recorded among the Tzotzil Maya. In such a setup, a
waterhole serves multiple households or lineages (snas), who collectively maintain and

use the hole as a potable water source and a space for community water rituals (DavisSalazar 2003, 281). One or more lineages may regulate the use of the space or hold on to
the ritual paraphernalia, gaining influence and prestige.
Water management can occur at differing levels in a settlement. Other types of
water management strategies include aqueducts, reservoirs, and crop irrigation systems.
There is little evidence that the Copán Pocket hosted infrastructure of these types.
However, there is reason to believe that communities instead organized themselves based
on the water sources located within the pocket.
Copán's Sian Otots
Usually seen as a critical resource, water can also be a tool. At Copán, it forms the
basis for archaeologists' current understanding of the pocket's internal organization.
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Archaeologists divide the sites in the Copán Pocket into 20 sub-communities called sian
otots (Fash 1983; Freter 2004; Richards-Rissetto 2010). The concept of the sian otot is
based on a similar institution recorded by Wisdom (1940) among the Chorti Maya: large
congregations of self-sufficient households and associated structures. At Copán, the sian
otots usually contain between 15-36 sites; Fash (1983) notes that the sian otots in the
pocket appear to be smaller overall than those recorded for the Chorti Maya (Wisdom

1940).
The boundaries of the sian otots proposed for Copán are mostly defined by terrain
and hydrology. For example, the large sian otot of Ostuman west of the Main Group is an
intermountain pocket, the sian otots of Las Sepulturas and El Bosque are separated from
the communities to their south by the Rio Copán, and quebradas mark either end of
Rastrojon. Copán's sub-communities vary heavily in terms of area, estimated structure

and population densities, and the perceived status of their occupants. Figure 3.4 shows
the location and proposed extent of Copán's sian otots. Note that I do not assign a sian
otot to the Main Group in this thesis. The majority of the sian otots are less than a square
kilometer in size as currently framed, with the average area being 0.827 km2. Four sian
otots (Bolsa de Petapilla, El Bosque, San Rafael, and Titichon) have an area greater than
a square kilometer, and three more (El Pueblo, Mesa de Petapilla, and Ostuman) are just
under. The largest sian otot is San Rafael at 1.599 km2, while the smallest is Chorro at
0.303 km2.
If Copán is a low-density system, then one would expect that the sian otots
hosting the largest number of structures (and therefore the largest populations) should
have the most land. When the area-per-person for each sian otot is calculated (and
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converted to m2 for comparison), the results suggest that the sub-communities in the
Urban Core (Las Sepulturas, El Bosque, Chorro, Comedero, Salamar) are significantly
denser than the rest of the pocket. Outside the core, Titoror has the lowest density in the
pocket, with nearly 5,000 m2 (0.005 km2) per person. The Urban Core sian otots for
comparison all have less than 700 m2 per person, and a combined density of 377.36 m2
per person. Only Mesa de Petapilla and Rastrojon come close to the density exhibited by

the core (785 m2 and 655 m2 respectively), with Rastrojon beating out Comedero for fifth
densest sian otot. Most of the pocket has between 1,000 and 3,000 m2 per person.
Surprisingly, Las Sepulturas has the highest density (273.44 m2 per person) and Chorro
has the fourth highest density (613 m2), even though Las Sepulturas is second in
estimated population and Chorro is twelfth. Such numbers may have been more extreme
in the past. Las Sepulturas likely had more buildings (and more potential residencies)

before the river encroached on its eastern edge; it is not clear how many buildings existed
in El Pueblo during Copán's height because the modern town is built over it, and so the
sian otot is much emptier in this study then it should be.
The Harvard Typology provides a useful framework for interpreting settlement
organization and politics at Copán when used in conjunction with the sian otot model.
The typology and the sian otots represent different but complementary scales of
organization, given that the Harvard Typology categorizes the structure groups that make
up each sub-community. Generally there is at least one "dominant" site in each sian otot
(e.g., a site that is larger and/or more complex than others) where community leaders may
have resided (Freter 2004; Richards-Rissetto 2010); such sites are usually of a higher
type than surrounding sites are when the typology is applied (see Harvard Typology).
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Copán's sian otots play a special role in this thesis. The sian otots are envisioned
as discrete socio-political sub-communities within the pocket that are spatially defined by
quebradas, hills, and other features, and can be interpreted as distinct settlements within
the larger Copán Pocket (itself the most prominent settlement in the Copán Valley). Here,
I make the assumption that Copán is a low-density urban system in line with other Maya
centers, and that the settlement scaling for the Copán Pocket should reflect this pattern. I

test this assumption by applying SST to Copán, using the 20 sian otots as my settlement
sample.

Figure 3.4: Copán’s sian otots
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CHAPTER 4: SETTLEMENT SCALING AT COPÁN
The goal of this study is to carry out a quantitative analysis to provide data for
examining urban organization in the Copán Pocket, an irregular region about 24 km2
large that contains the largest concentration of structures and the main ceremonial
complex of the ancient kingdom. The data used in this study came from the GIS Copán
Project (Richards-Rissetto 2010) and the MayaArch3D Project (von Schwerin at al.

2016), in the form of geospatial data. These data included shapefiles of structures,
hydrology etc., shapefiles of the estimated extent of the 20 sian otots, and raster data
including an Urban Digital Elevation model (DEM). These files were copied into a new
geodatabase so I could work freely with the data without altering the original dataset.
As stated previously, SST can be used to compare the socio-economic output,
household production, interaction benefits, and the movement cost of individuals between

communities within cities (Bettencourt 2013; Ortman et al. 2016), potentially affording
researchers a wealth of information. The location of settlements and households in
relation to one another, the distance of households from resources or social spaces, the
cost of movement between communities, and the ease of movement for inhabitants across
a landscape are all factors of interest when studying ancient societies, and are central to
the application of settlement scaling theory. Generally, if two communities within an
urban area are similar in size or layout, they may be of similar standing within the city
(i.e. two middle class, commoner, or elite communities). Their relative location and
distance from social spaces and from one another can provide clues for archaeologists
seeking to study city organization, expansion, and transformation both in the past and the
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present (Hiller and Hanson 1984; Richards-Rissetto 2012; Richards-Rissetto and Landau
2014).
4.1 Methodology
For this study, I applied SST to the ancient city of Copán, Honduras using
LiDAR-derived shapefiles (von Schwerin et al. 2016) that I analyzed using Geographic
Information Systems (GIS) software. I decided to focus on Copán for several reasons: (1)

because of the relative availability of geospatial data for Copán, (2) due to the abundance
of recent archaeological studies of the region using geospatial methods, such as Least
Cost Analysis, (3) because settlement scaling had not yet been applied at Copán, and (4)
because of the proposed sub-community organization of sian otots along with Copán’s
differences in settlement layout from other Maya sites (Fash 1983). LCA has previously
been used to examine Copán's urban layout in terms of physical and social mobility

(Richards-Rissetto 2010, 2012; Richards-Rissetto and Landau 2014), or communal
organization based on access to water (the sian otot model) (Davis-Salazar 2003; Fash
1983; Freter 1988). Settlement scaling theory is based around the ways that population
levels affect the organization of an urban system (or put another way, how an urban
environment responds to changes in population pressure), by comparing the relationships
between a city's area, population, and structure density.
SST is similar to LCA in its approach, in that they both focus on the role that
social interaction plays in the structuring of settlements. Specifically, both approaches
assume that people are mindful of the cost (in resources, energy, distance, time, or
physical exertion) of social interaction and movement across a landscape, and attempt to
maximize socioeconomic benefits by taking the path with the lowest cost (Bettencourt
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2013; Richards-Rissetto 2012; Surface-Evans and White 2012). Various environmental,
cultural, and physical factors can increase or decrease the cost of taking a particular path
(Richards-Rissetto 2012; Richards-Rissetto and Landau 2014; Surface-Evans and White
2012), and in an urban environment, a city's own infrastructure can help or hinder
movement. This is reflected in SST's assumption that people living in settlements arrange
themselves to optimize the cost-benefit relationships associated with interaction and

movement within a city (Bettencourt 2013; Ortman et al. 2016), and in the observation
that higher population cities develop transportation networks to facilitate movement as
they set aside increasing amounts of land for housing and infrastructure. SST can
potentially be used as an aid for urban planning such as in road construction or energy
budgeting (Bettencourt 2013), though such applications are well beyond the scope of this
thesis.

Applying settlement scaling analysis to an urban system requires specific types of
data: population and settled area estimates, measures of size and dimensions for
infrastructure, structure density, and measures of socioeconomic outputs when applicable
(Smith, Stuardo and Lobo 2018). In an archaeological context, gathering data on most of
these variables is often hindered by the nature of the archaeological record. High
preservation of non-perishable structures and features is optimal for making reasonable
estimations. In many cases, proxies are used for one or more variables that may be
difficult or impossible to reliably estimate otherwise. For example, previous studies
(Ortman et al. 2016; Ortman and Coffey 2017) suggest using the estimated total number
of residential structures in a settlement as a proxy for settlement population in an
archaeological context, or using household area as a proxy for household wealth (Ortman
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et al. 2016). In the case of the former, it is assumed that the number of households within
a settlement is proportional to the number of a observable structures within the
settlement; this allows estimated structure counts to be substituted for population in
archaeological contexts, where settlement population or household size is often difficult
to directly estimate (Ortman and Coffey 2017). For this study, scaling was calculated
through similar means, using estimates of settled area and population (based on

residential structures) only, as Copán's economics are not a factor under consideration at
this point in my research.
4.2 Materials
The application of settlement scaling (or any other similar computational analysis)
requires some knowledge of how to acquire and create a specific kind of data, and how to
interpret the outputs of computational statistics in relation to a cultural context. Prior

experiences with spreadsheet software, such as Microsoft Excel, significantly aided in the
process. In this case, I used Google Sheets, Microsoft Excel, and Apple Numbers
interchangeably. The dataset for my study came primarily from the GIS Copán Project
(Richards-Rissetto 2010) and the MayaArch3D Project (von Schwerin at al. 2016),
consisting of an assortment of geospatial data, 3D models and maps created through
georeferencing and digitizing pedestrian and photogrammetric maps (Fash and Long
1983; Hohman and Vogrin 1982; Richards-Rissetto 2010) and integrating and crosschecking with a 2013 airborne LiDAR survey and subsequent ground-checking of certain
areas (Reindel et al. 2014; von Schwerin et al. 2016). I did not personally visit Copán for
this study. Most files had last been updated in 2017.
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Included in the full dataset were structure footprints based on LiDAR survey,
digital elevation maps (DEM), shapefiles denoting hydrology and the proposed
boundaries of sub-communities (as defined by the sian otot model), visibility tests, and
soil data. Relevant files (mainly structure footprints, hydrology, and the sian otot
boundaries) were copied into a new separate geodatabase in ArcGIS so that data could be
worked on without the risk of altering the original information. The initial goals of the

study were to check the extent and area of the Copán Pocket (the area of study) and of
each individual sian otot grouping, as well as determine the population-per-household
and the total number residential structures present within the city and each sian otot.
4.3 Boundaries and Area
Several approaches were tested for determining the internal and external
boundaries of the Copán Pocket, as estimates of settlement area are required for applying

settlement scaling models to a site. I focus solely on the Copán Pocket in this thesis
because it represents the kind of geographically defined settlement area with measurable
qualities for geospatial and SST analysis. Initially, I compared the population and
dimensional estimates from previous studies at Copán by interrogating the different
variables and methods they used. This initial approach assumed that if the studies agreed
on certain details, then the same boundaries or counts could be assumed in my study.
And, where estimations varied, findings could potentially be averaged for use, or tested
as a range of values. To this end, I compiled data from Fash (1983), Freter (1988; 2004),
Hendon (1987), Richards-Rissetto (2010; 2012), Webster (1999; 2005), and Wingard
(1992) in a spreadsheet for comparative purposes.
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However, I decided this approach was not feasible when it became clear that the
time gap between some studies, differences in research goals and methods, and evolving
technology meant that there was heavy variation between estimations in the selected
studies. When structure and population counts were considered, some studies gave
specific values while others gave generalized densities. In many cases, the authors did not
always provide estimations and measurements of all the same regions or statistics, or else

gave estimations based upon subsections of the city whose dimensions varied between
studies.
Copán Pocket
The Copán Pocket (herein referring to the particular intermountain river valley
that contains the main ceremonial complex of Copán, and all other structures within) is
irregular in shape. Its dimensions are variously described as 11 km east to west and 1-6

km north to south (Fash 1983), 12.5 km by 2-4 km (Hendon 1987), or approximately 12
km by 2-4 km in most of the other studies (e.g. Freter 2004; Richards-Rissetto 2010).
Ashmore (1991) claims a 25 km2 pocket. Webster (2005) does not appear to mention the
area or the dimensions of the pocket at all despite discussing population growth and
settlement history at length. Freter (1988, 93) however does directly state that the Copán
Pocket covers an area of 23.5 km2, and that this number does not include the area in the
core. Despite these diverse methods for measuring the dimensions of the pocket, the
internal area was consistently given as measuring approximately 24 km2. This is the
extent assumed in this study, as it matches the 24 km2 extent I estimated using the GIS
data.
Urban Core
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The single greatest point of difference concerned the areal extent of Copán's
Urban Core, the area immediately surrounding the Main Group where structure density is
the highest (Figure 3.1, from Richards-Rissetto and Landau 2014). For the most part, the
Urban Core was stated to include the Main Group and the adjacent sian otots of Las
Sepulturas and El Bosque (west and east of the Main Group respectively). Population and
structure density estimations given in the selected studies were usually split with separate

estimations for the core and for the surrounding "pocket", without always being clear
whether estimates for the pocket included the area and structures of the Urban Core as
well. The size given for the Urban Core greatly varied, making many densities and
estimates calculated in past studies difficult to compare. For example, Freter (2004, 94)
recorded the core as having an area of 0.75 km2 and the Copán Pocket as "a 24-km2 area
surrounding the Urban Core", which would imply that the structure density and area

given for the pocket excludes the structures and area of the core. Fash (1983) and Hendon
(1987) delineate the urban core as the land within a 1 km radius of the Main Group, while
Webster (1999) recorded the core as a 1 km2 zone, which would imply that Fash and
Hendon assumed an area for the core that is over three times the size that Webster
describes. Richards-Rissetto (2010) on the other hand calculates the area of the core as
3.23 km2, due to the inclusion of the sian otot communities of Comedero, Salamar, and
Chorro north of the Main Group as part of the Urban Core in addition to El Bosque and
Las Sepulturas. The area of the Main Group itself was generally not given, with the
exception of Webster (1999) who gives an estimate of 20 ha (0.2 km2).
In light of this, I decided to instead acquire area and density data from the
MayaArch3D Project directly. These data, originally from the Copán GIS (Richards-
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Rissetto 2010), were adjusted using airborne LiDAR (ALS) acquired in 2013. The dataset
included a series of shapefiles of estimated geographic boundaries of each sian otot, with
areas (km2) recorded in their attribute tables. The area for the Copán Pocket was
calculated to be 24 km2 (including the Urban Core and Main Group) and the area of the
Urban Core itself was calculated as 3.27 km2, based on the MayaArch3D data. These
numbers closely align with those given by Richards-Rissetto (2010), as I followed her

lead in setting the boundaries of the core as the area corresponding to the sian otots of El
Bosque, Las Sepulturas, Chorro, Salamar, and Comedero.
4.4 Population Data Preparation
In an archaeological context, a household or structure count may be used as a
proxy for population count for the purposes of settlement scaling (Ortman et al. 2016;
Ortman and Coffey 2017). The MayaArch3D dataset contains 3,785 mapped structures.

However, it cannot be assumed that all 3,785 features were used as households and
residences. It also cannot be assumed that these data constitute a complete estimate of the
total number of features that would have been present within the pocket during Copán's
zenith due to the erosion of some structures and evidence of structures made from
perishable materials (Fash 1983; Freter 1988, 80; Hendon 1987; Maca 2002). This
implies that the number of mapped residential structures in the dataset should be less than
3,785, but also that the resulting count will likely underestimate the total number of
households and population within the city at its height during the Late Classic because of
"invisible structures." As not every feature listed within the structure footprint dataset
was likely to be residential, it was necessary to comb through the data and exclude such
potential non-residential structures.
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First, several steps were taken in order to prepare these data for use. Each feature
was already associated with a footprint that had several types of information attributed to
it: a database ID number, shape type, feature number, feature group number, feature type,
and feature perimeter and area (Figure 4.1). In the database, group number
(FIRST_Grou) and feature type (FIRST_Type) are assigned collectively to features that
cluster together, such as those that surround a courtyard. Feature type here refers to a

group's classification using the Harvard typology (see Chapter 3); each structure within a
group is listed individually, and so each structure has a type designation based on the first
structure in the site they belong to. Two new attribute fields were added to the ones listed
above, one that recorded the sian otot that a structure or feature group belonged to, and
one that recorded their "alternate" site type (Alt_FIRST_Type). I used the latter field to
assign select sites the "alternate" designation of Type 25 (which I created for this thesis)

as a means to distinguish and mark certain structures for review if necessary while I was
calculating the potential number of residential structures within the sub-communities.
Any item assigned Type 25 instead of their standard type could be searched for directly
using the software's Select Feature functions.
The sian otot field was first added to the attribute table of each of the 20 sian otot
shapefiles, thereby allowing their names to be used as attributable data. As each shapefile
is a unique polygon layer that could be overlaid by the structure footprint data in ArcGIS
10.6, the Intersect tool was used to add the sian otot field to the footprints themselves.
Any structure footprint that intersected (overlapped) with a sian otot shape gained a new
attribute linking it to that sub-community. In this way, all features that fell within a sian
otot grouping could be selected and examined separately from features in adjacent
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communities using the Select-by-Attribute function. This step was critical because it
allowed for patterns to be examined at a community scale, i.e., at the scale of the sian
otot rather than the entire pocket.

Figure 4.1: Example of information attributed to structure 9N-68 (in yellow)
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Figure 4.2: Groups 8N-9, 8N-10, and 9N-1 split by the Las
Sepulturas border (in green).
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Figure 4.3. Top: View of overlap with the Main Group at the Salamar boundary.
Bottom: View of overlap between El Bosque and the Main Group.
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Adding in the sian otot field however did require some management of the data. As
discussed in the previous chapter, sian otot boundaries were originally digitized using the
Copán GIS derived from the PAC I maps (Fash and Long 1983). While these maps have
proven to be extremely accurate at large scales, the scanning, merging, and digitizing of
24 maps resulted in small errors in the resultant GIS data, with error increasing at the
edges of the dataset as the distance from the datum increases. Subsequently, the 2013

MayaArch3D LiDAR data was compared to the original Copán GIS and feature locations
were adjusted to align with the LiDAR data (von Schwerin et al. 2016). This spatial
adjustment required that the sian otot boundaries be "redrawn" or modified in some areas
of the pocket to ensure the consistency and accuracy of the data. I chose to use the
Intersect tool to attribute the additional data fields instead of performing a spatial join
because the Intersect tool will "split" objects that straddle sian otot boundaries, while

such objects would be automatically assigned to one sian otot or the other in a spatial
join. The Intersect tool allowed me to simultaneously attribute new data to objects in the
database while also checking for inconsistencies and overlap caused by the digitization
process.
On first inspection, several issues were identified that would have caused a
number of features to be erroneously attributed to or even excluded from each
community if not corrected. For example, the eastern boundary of Las Sepulturas as
originally drawn bisected several structures (Figure 4.2) and had to be shifted slightly so
the structures were included in their entirety. These boundary issues had to be resolved
before the intersection process because the program treated every sliver of a feature as a
unique "object" during the attribution, even if a sliver was merely the corner of a larger
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structure. In the event where an overlap would cause a feature to be split between one or
more sian otots, the result would be one portion being tagged as belonging to one sian
otot, while the other portions would be tagged as belonging to adjacent sian otots,
effectively making each portion a unique entry in the database. This would cause the
program to list each portion separately, skewing structure counts and density data.
This type of boundary issue was a persistent problem in the Urban Core region,

consisting of El Bosque, Las Sepulturas, Chorro, Comedero, Salamar, and the Main
Group, which share extensive borders. This was first noticed with a non-residential
feature, Copán's sacbe (a raised roadway), which extends west of the Main Group along
the northern portion of El Bosque before crossing into Comedero. Large portions of the
sacbe fell within both sian otots, causing the computer to count each as separate objects. I
resolved this issue (and similar cases) by using the Intersect tool on each sian otot

shapefile separately instead of attributing sian otots to all features simultaneously as I
initially planned, preventing the program from having to choose whether a feature (or a
portion of one) belonged to multiple sian otots. When adding the sian otot attribute field
into the database, I performed the attribution process in alphabetical order, and as such
the western sacbe was ultimately assigned to the sian otot of Comedero.
Likewise, the boundaries at the edges of the Main Group where the sian otots
Comedero, Las Sepulturas, El Bosque, and Salamar abut the structures also required
manual adjustments. In this case, the El Bosque shapefile was splitting several structures
and plaza groups in half, and the other three sian otots were overlapping the northern
edges of the complex. These issues carried the additional problem of introducing
fragmentary Type 5 sites into communities that do not contain them, particularly at the
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junctions of the two sacbeob and the Main Group (Figure 4.3). As with the example
shown in Figure 4.2, this was rectified through careful readjustment of boundaries. The
process was initially tested at a smaller scale before being applied to the entire pocket.
The sian otot attribute field which I added included two other designations in
addition to the 20 sian otot names: "Unassociated" and "Principal Group." I added these
fields because not all the 3,785 structures and features in the Copán Pocket lay within the

boundaries of any of the sian otots as presently drawn. The "Principal Group" designation
was assigned to the 207 structures associated with the Main Group, chosen for
consistency with labels pertaining to those structures that were already present within the
database. The "Unassociated" designation was assigned to a set of 65 structures and
features scattered around the edges of the pocket. The majority of these structures lie
outside the present boundaries of the sian otots in clusters near the western boundaries of

Mesa de Petapilla and Bolsa de Petapilla. Included in this grouping were two altars and
two stelae. The "Unassociated" designation was defined based on relative geographic
location (proximity) compared to the boundaries of the sian otot sub-communities, not
site type or function.
4.5 Site Function
Once the estimated areas of the Copán Pocket and its sub-communities were
established, the next step was to determine the number of residential structures within
them. As stated previously, a residential structure count is a suitable proxy for population
(N) and household counts in settlement scaling models, following the lead of Ortman et
al. (2014) and Ortman and Coffey (2017). In order to estimate the total minimum number
of residences likely to be within Copán, some features and structures were systematically
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excluded from the dataset. This is because settlements and cities are not solely
concentrations of living spaces (residences), but also of activity spaces. In her dissertation
on structure function in Maya cities, Julia Hendon (1987) examines the form and artifact
assemblages of patio groups in Las Sepulturas and discusses useful ways for determining
site function beyond ornamentation and architecture. Her analysis focuses on the function
and provenience of artifacts in three specific patio-groups: Group 9N-8 (Type 4), Group

9M-24 (Type 1), and Group 9M-22 (Type 3). While Hendon uses artifacts to identify
areas used for activities associated with residential structures (such as sleep, food prep
and consumption, manufacture, and storage), I did not have data of similar resolution for
the rest of the pocket and so could not apply many of her findings here. Her analysis is
instructive, however, in that she demonstrates that the population of Copán sometimes
regulated certain activities (often storage and food preparation) to areas outside the living

quarters, whether that meant outside spaces or smaller structures. Additionally, Hendon
notes the presence of small perishable structures that were a part of the residential
landscape but were likely not used as living spaces. This implies that one can expect there
to be evidence of a larger number of structures in Copán than households, and a greater
overall number of features to have been present in the pocket than are currently
observable.
In this thesis, I consider a site or structure as "non-residential" only if it can be
conclusively shown that it was incapable of hosting a household for functional reasons. It
was not necessary to evaluate structures in finer detail as SST does not require
households to be based on room counts or activity areas. In general, structures that I
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considered "non-residential" automatically included ritual, ceremonial, or infrastructural
features such as stelae, altars, shrines, sacbeob, ballcourts, walls, and similar objects.
All 207 features associated with the Main Group were excluded as being nonresidential in function. Included in this number were 115 Type 5 structures, 61 altars, and
30 stelae along with their associated platforms. In other areas of the pocket, an additional
12 altars were excluded (three in El Pueblo, six in El Bosque, one in Las Sepulturas, one

in Titoror, and two "unassociated") and nine other stelae and platforms were excluded
(two each in San Rafael and El Pueblo, two "unassociated", and three in El Bosque).
Finally, the sacbeob and associated features were excluded, consisting of two features in
Las Sepulturas, one in Salamar and one in Comedero. The remaining 61 geographically
"unassociated" features were also excluded, for a total of 232 features. As noted above,
these were structures and features that occurred outside the current boundaries of the sian

otot sub-communities as currently drawn, mainly split between two clusters in the
northeast of the pocket. It is probable that they were considered part of one community or
another during their occupation. However, unlike the structures shown in Figure 4.2 these
"unassociated" structures all lie 20 m or more away from the nearest sian otot border. As
such, they could not be assigned to any particular sian otot without substantial edits to
sub-community borders irrespective of the hydrology and terrain that the borders are
based on. For this reason, I counted the 65 "unassociated" structures when considering
the pocket as a whole but did not include them in estimations pertaining to individual
sian otots. It is worth noting that most are likely residential in function.
Finally, 81 features, all part of various Type 0-4 sites in the Harvard classification
system, were also excluded from the count based on their function (see Appendix 1).
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These were sites and features that did not fit the parameters of previous exclusions but
nevertheless could be safely removed from the dataset for other reasons. For example,
Structure 11L-79 is a Type 4 site in El Bosque close to the southern end of the Main
Group that I counted as non-residential since it is a ballcourt (Ballcourt B). Another
example is Los Sapos, a group of stone carvings found in the San Lucas sian otot listed
collectively as a Type 0 site. In this case, Los Sapos is located adjacent to a Type 2 site

(Group 12M-1) but is listed as a separate object in the GIS database with a unique object
ID number, allowing Los Sapos to be excluded as non-residential. Many other exclusions
in this group were walls surrounding courtyards or dividing buildings or terrace
constructions that also were entered into the database as separate objects (Figure 4.4).

Figure 4.4: Examples of Type 25 features in the Urban Core (highlighted in blue).
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Surveyed man-made terraces constituted at least 60% of these 81 features. While
terraces may serve as the foundation for one or more residential structures, they do not
themselves constitute a living space, residence, or household, and so were excluded
whenever listed as a separate object in the database. Importantly, this exclusion was
possible mainly because the particular scaling relationship that I focused on did not
require measuring the surface (roofed) area of structures, as there are numerous cases

where structures and adjacent terraces are treated as a single feature in the database
classification system (Feature 4.5). Instances of these jointly labeled features would need
to be addressed if dealing with scaling relationships that use roofed area as a proxy for
household wealth and productivity (see Ortman et al. 2016). These 81 excluded features
occurred throughout the pocket, with the exception of the southwestern sian otots of
Algodonal, Estanzuela, and El Puente. In order to properly track these excluded features,

a new field was added to the attribute table of the structure footprint named
"Alt_FIRST_Type." This new field was based on the existing field "FIRST_Type" (see
Figure 4.1), which listed each structure or feature group by their type classification. The
type classification of most features in the database remained unaltered (copied directrly
from the "FIRST_Type" field) with the exception of these 81 features, whose official
type classification was replaced with a new "alternate" classification of Type 25 for
database querying purposes.
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Figure 4.5: Example of terrace features grouped with structures (in yellow)

4.6 Population and Density

In total, 375 features were excluded based on type, association, or residency
potential, leaving an estimated 3,410 features within the pocket with the potential to be
residences. Assuming that each "household" structure at Copán at its height would have
been inhabited by approximately five people based on ethnographic data (Fash 1983,
186; Freter 1988), this implies a minimum of 17,050 people living within the Copán
Pocket (and only the pocket) at the center's height around AD 700-850. The total number
of structures (and thereby the total population) was certainly higher, as this estimate does
not account for perishable features and any structures lost to the river through erosion.
These numbers hold up well when compared to the structure and population estimates
obtained in previous studies, which I discuss briefly below.
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William Fash (1983) observed that excavations of sites at Copán have often
uncovered evidence of additional "invisible" structures that were completely hidden due
to collapse, soil buildup, or low mound profiles, and that there are possibly as many as
10-15% more structures in the pocket than have been mapped. Further, the possibility
that up to 16% of structures in the pocket could be non-residential is raised. Applying
these estimates to Fash's own structure count for the Copán Pocket of 3,441 yields 3,785

structures assuming an additional 10% invisibles, which mirrors my own counts of 3,785
features and 3,410 structures after exclusions. Assuming this is the case and that the same
estimates can be used here as well, applying these percentages to the structure estimates I
performed for this study yields a result of 3,785 structures within the pocket, raised to
4,163 structures if assuming 10% invisibles, and dropping to 3,497 structures if 16% are
non-residential function.

AnnCorinne Freter (1988) takes a much more in-depth approach to calculating
structure counts and population by adjusting structure counts separately for each type
class, resulting in a greater degree of variation. She sets the count of surveyed structures
for the pocket as a whole as 3,437, and then corrected the numbers to account for
destroyed, buried, un-surveyed, non-residential sites, occupation period, and differential
room usage (1988, 150). Noticeably, her estimations predict a higher number of
structures within the pocket than Fash (1983) or my own GIS estimates at all stages, and
take into account several factors not addressed herein, such as room use and time period
of occupation. Nevertheless, Freter's high and low population estimates for the pocket
during Copán's height between AD 700-850 are 21,020 and 16,816 people respectively,
which covers the full range of population estimates given by the all the studies compared.
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In comparison, Webster (2005) and Wingard (1992) estimated the population of
the pocket as 27,753 and 22,000 people, respectively. Wingard's estimate is based on
models of soil productivity and land usage over time within the pocket, as well as a
variety of environmental factors such as slope and the requirements for a maize-based
diet. Webster's estimate of 27,753 people is derived from a settlement history approach
that uses settlement and demographic data. Both studies also predicted similar population

curves. These population estimates are notable because they were calculated based on
types of data that differ heavily from those used in this thesis or most of my sources (diet,
soil type and degradation, management styles, and carrying capacity), and yet result in
similar estimated populations as those based on structure counts.
These examples show that my own estimates for the Copán Pocket of 3,410
structures housing 17,050 person at a minimum are reasonable. They do fall on the lower

end of estimates compared to the numbers given by Webster (2005) or Freter (1988), and
likely underestimate the true counts. It is also worth noting that my estimates, as with all
of the calculations I performed for this study, assume that the 3,785 structures within the
database are contemporaneous and were inhabited all at the same time. My analysis is
therefore a bit simplistic in its portrayal of Copán's settlement history.
4.7 Expectations for Copán
Once the GIS dataset was prepped and culled of features likely to be nonresidential in function, the Select-by-Attribute function was used to determine the
minimum number of households for each sian otot during the final phase of Copán's
occupation (the Late Classic/Conor Phase). The structure counts and the estimated areas
for each sian otot (km2) were recorded in a Microsoft Excel Spreadsheet alongside
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similar counts for "unassociated" sites and the structures belonging to the Main Group (to
ensure that all structures were accounted for). Population was calculated for each
individual sian otot based on the number of visible structures present in the subcommunity after all exclusions were made.
Many previous studies (Lobo et al. 2019; Ortman et al. 2016; Ortman and Coffey
2017; Smith, Stuardo, and Lobo 2018) have successfully used an ordinary least squares

(OLS) regression of log-transformed settlement data (data multiplied by log10 or ln) to
estimate the expected coefficient values in scaling models. By using this approach,
scaling relationships can be compared and graphed in a manner that highlights trends in
the data. A linear regression is method of statistical analysis that allows non-linear data
trends to be observed as linear functions (y = mx + b). As noted in Chapter 2, the
predictive models used in SST are power law equations, and so the use of OLS

regressions aids in the visualization of scaling relationships. I performed a linear
regression by multiplying the GIS-derived settlement data (residential structures and sian
otot areas) by the natural log (ln), and graphed the results with settlement
population/residential structures as the independent variable (X axis) and settlement area
as the dependent variable (Y axis).
The scaling model tested in this linear regression predicts that settlement area is
proportional to settlement population (or number of households), and that average
population should increase faster than average area. This relationship is given as:
A = aNɑ or X(N) = X0Nβ
when expressed as a power law equation, or as:
X(N) = X0Nβ or logX(N) = βlogN + logX0
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in linear form. When this scaling relationship is graphed, the scaling coefficient (β) is the
slope of the trend line. If β > 1, then the relationship is superlinear and settlement density
decreases as population increases, creating a low-density urban system. If Copán
demonstrates superlinear scaling, then it has a scaling relationship comparable to that of
Palenque. If β < 1, the relationship is sublinear and settlement density increases as
population increases, creating a high-density urban system. If Copán demonstrates

sublinear scaling, then its scaling relationship is comparable to that of modern cities and
conforms to the predictions of the SST models. I expected that Copán would demonstrate
superlinear scaling, because Copán and Palenque are part of the same cultural tradition
and Maya cities are typically assumed to be low-density (Chase and Chase 2017; Fletcher
2009; Isendahl and Smith 2012).
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CHAPTER 5: RESULTS & DISCUSSION
For this thesis, I applied SST to Copán to contribute to our understanding of Maya
urbanism and site organization. In this chapter I describe the results of my analysis and its
implications for research on Maya urban organization and settlement scaling. I also detail
several subsequent analyses that I performed to ensure that my initial analysis was
accurate, as my results indicate that Copán’s area-population scaling relationship does not

match my expectations. I finish by proposing several possible variables that may have
influenced the city’s scaling relationship.
The relationship between settlement area (km2) and population count (represented
by residential structure count) for the Copán Pocket is shown in Figure 5.1. The scaling
relationship between area and population, as predicted by SST, is expressed as:
X(N) = X0Nβ

where N is measure of population or a suitable proxy, β is the scaling coefficient, and X0
is the average size of the smallest settlement in the sample. In Chapter 2, I described two
sets of expectations for Copán based on whether it exhibited superlinear or sublinear
scaling. If Copán exhibited sublinear scaling as predicted by SST, then one could expect
the amorphous settlement model to apply and for the settlement scaling coefficient β ≈
2/3, giving the resultant graph a slope of close to 0.666. If Copán exhibited superlinear
scaling like Palenque (where β = 1.3 [Smith, Stuardo, and Lobo 2018]), then one would
expect that β > 1 such that an increase in settlement population results in a greater
increase in settled area. In such a case, Copán would demonstrate low-density urbanism
contrary to the predictions of SST.
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Figure 5.1: Settlement scaling at Copán

As Figure 5.1 shows, the scaling relationship for area and population at Copán is
y = 0.1581x-1.268, where 0.1581 is the scaling coefficient (β) and -1.268 is the yintercept of the trend line. The R2 is 0.119 (0.07 adjusted), and standard error for the
coefficient and the y-intercept is 0.101 and 0.653, respectively. A scaling coefficient of
0.1581 implies that a 1% increase in population at Copán would result in an increase of
about 0.16% in settlement area. This implies that Copán exhibits a substantially sublinear
scaling relationship such that β ≈ 1/6, despite assuming a population on the lower end of
estimates for the Copán Pocket.
This is, admittedly, a rather odd output. The R2 (0.119) indicates that the trend
line is a remarkably poor fit for the data, though Ortman and Coffey (2017) indicate a
similarly low R2 score for the scaling relationship for a Central Mesa Verde site (R2 =
0.213). A low R2 could possibly be interpreted here as an indication of high diversity
within the sample. The Significance of F score is 0.136, implying that that there is a 13%
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chance that the results of the regression are simply due to chance, and P-Values for the yintercept and the scaling coefficient are not significant.
A more serious question concerns the fact that Copán's scaling coefficient for the
area-population relationship is 0.158 (β ≈ 1/6), which does not fall within the expected
range of 2/3 ≤ β ≤ 5/6 predicted by SST (Bettencourt 2013). I am not aware of any other
settlement scaling study that resulted in a scaling parameter being significantly lower

than expected. In contrast, Ortman et al. (2016) estimated β ≈ 2/3 for settlements in the
Inka Central Andes, and Ortman and Coffey (2017) estimated β ≈ 2/3 for Ancestral
Puebloan and Middle Missouri sites. In both cases, amorphous settlement layout was
assumed. At first glance, a scaling coefficient of 0.158 suggests that Copán is
significantly denser than the average density predicted for modern cities, which seems
unlikely. Lobo et al. (2019) summarizes the results of a large number of recent settlement

scaling studies and provides an extensive list of different scaling relationships calculated
for a variety of modern and ancient urban systems. Despite covering a wide variety of
geographic locations, time periods, and cultures, there is little reported deviation from the
expected scaling values, and nothing on the level of my result of 0.1581.
In terms of the settlement scaling, Copán clearly shows a very different scaling
relationship than Palenque (a sublinear relationship versus a superlinear relationship),
which raises the question of why two urban centers from the same culture would exhibit
such different properties, and whether this suggests the possibility of region-specific
scaling variations. Alternatively, this divergence could conceivably be the result of
Copán and Palenque's location on opposite edges of the Maya region, where they could
be influenced by differing neighboring cultures and differing regional socioeconomic
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situations. Or the difference may suggest that settlement scaling parameters are
influenced by environmental or geographic factors to a greater degree than expected; it is
conceivable that Copán's highly sloped terrain and limited access to optimal agricultural
soil (Wingard 1992) could result in a denser system. Palenque's situation appears to be
reversed, with the urban core laying atop a plateau (Barnhart 2007). It is unclear at this
time why Copán and Palenque should exhibit opposite scaling from one another.

5.1 Testing the Results
I performed a second OST regression of the sian otot data, this time including the
81 features listed in Appendix I (all features belonging to my Type 25 special cases
class), to test whether the relationship implied by Figure 5.1 was the result of a sampling
bias in the exclusion process (as these features exist within the area of analysis and their
presence would have affected movement, transportation, structure placement, and

therefore the cost of interaction within their respective sian otots. The result of this
second regression is shown in Figure 5.2. The addition of the 81 features (amounting to
roughly 2.15% of the 3,785 structures in the original dataset) does not result in a
significant change in the scaling coefficient for Copán (β = 0.1582), suggesting that
Copán's unusual scaling relationship is not the result of structure sample bias.
Additionally, while it is assumed that the Copán Pocket contained a greater number of
structures during its occupation than are currently visible at the site (Fash 1983; Freter
1988; Hendon 1987), factoring in these invisible or lost features would serve only to
increase the number of structures in the study area. One would expect this to result in an
increased potential number of households within an unaltered settlement area, leading to
an even more sublinear relationship and a denser system than before. To further test the
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accuracy of the 0.1581 coefficient, I performed four additional OLS regressions with
adjusted inputs. The results of these tests are shown in Figure 5.3 - 5.6.
First, I redid my initial test (N = 3,410) using a log10 transformation instead of a
ln transformation to ensure that my results were not affected by graphing choice; this
change had no effect on the value of β or on the R2 for the graph (Figure 5.3). Next, I
tested whether my results were adversely affected by the size of the sian otots in relation

to the size of the Copán Pocket, as there are large portions of land at Copán that are not
currently assigned to any community (see Figure 3.4). As much of the unincorporated
land lies west of the Main Group, I recalculated the area-population scaling using only 13
of the 20 sian otots, removing the "western end" sian otots of Algodonal, El Pueblo,
Estanzuela, Ostuman, Rincon del Buey, Tapescos, and Yaragua (Figure 5.4). I then tested
scaling of the same 13 sian otots against the entire 24 km2 land of the pocket by dividing

the land within and surrounding the "western end" sian otots evenly among the remaining
communities (Figure 5.5). Neither alteration resulted in a scaling relationship that falls
within the range predicted by SST (β = 0.1295 for both).

Figure 5.2: Settlement scaling including Type 25 sites

61

Figure 5.3: Settlement scaling for Copán using log10 transformations

Figure 5.4: Settlement scaling for Copán using only the 13 “eastern” sian otots
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Figure 5.5: Settlement scaling for Copán when the all remaining land
in the pocket is split evenly among the 13 “eastern” sian otots

Figure 5.6: Settlement scaling after the removal of Chorro, San Rafael, and Titichon
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As a final test, I graphed the scaling relationship for Copán when three outlier sian otots
are removed. To do this, I removed the sub-communities with the lowest densities
(Titichon and San Rafael) and the highest density (Chorro) to test whether the removal of
extremes would result a less extreme scaling relationship. Further, if the resultant scaling
relationship matched the predictions of SST, than my 0.1581 scaling for the city was
potentially due to abnormalities in the area assigned to sian otots in the database (I

expected Chorro to be a major culprit, as it has very high density yet low population and
area). Surprisingly, the graph indicates a scaling relationship even denser than before
(Figure 5.6; β = 0.1067). With these tests in mind, the range of the scaling coefficient for
the Copán Pocket (β) in all cases is 0.1 ≤ β ≤ 0.2.
Smith, Stuardo, and Lobo's (2018) findings are based on data taken from both
Palenque's residential core (2.1 km2) and 44 sites in its hinterlands (approximately 37

km2). In the present study, Copán is considered to have a core of 3.27 km2 and a
hinterland of 24 km2. In both cases, the area taken up by archaeological sites is less than
the total study area. The combined area of Copán's sian otots is 16.5 km2, leaving 7.5 km2
of "empty" space within the pocket. For comparison, the 44 sites used in Smith, Stuardo,
and Lobo (2018) cover only 4.6 km2 combined. The exact effect of such sampling
differences on the results of the studies is unclear.
It is worth noting that while I focus solely on the Copán Pocket in this thesis, the
ancient kingdom is believed to have included a significantly larger area (250 km2).
Further, Figures 5.1 and 5.2 indicate that there is greater variation in sian otot area than in
sian otot structure counts. I am inclined to believe that factors independent of population
that are unaccounted for in the SST models are most likely responsible for the estimated
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value of β for the Copán Pocket. I propose that the inclusion of sites from the other
pockets in the Copán Valley in the analysis, or performing a similar study on the other
pockets and comparing the results to those described here, may clarify the unexpected
relationship that my results represent. Including data on the entire valley system, or
utilizing a model that accounts for the "empty" space in between sian otots (see Figure
3.4) could result in an estimated scaling relationship closer to the scaling in high-density

systems as in Bettencourt (2013), or closer to the low-density relationship estimated by
Smith, Stuardo, and Lobo (2018) for Palenque.
I expect, however, that the existence of unassigned land in between the sian otots
cannot be the sole reason for Copán's dense urban system, though the specific terrain in
the valley may play a role in the scaling. Webster (2005) notes that settlement history
models imply that the majority of people lived within the Copán Pocket throughout the

city's occupation, and that this lack of dispersal may be due to managerial strategies put
in place by Copán's rulers. He further suggests that the importation of crops from
subsidiary centers or the organization of seasonal camps for farming distant parts of the
valley could have made up for agricultural deficits due to overworked soil or the loss of
land to construction projects. While Webster believes that only the seasonal occupation
scenario is likely, his comments do bring up the possibility that Copán's urban layout is in
part the result of executive influence. Indeed, the timing of shifts in settlement location
and cultivation at Copán modeled by Webster (2005) and Wingard (1992) imply that the
founding of Copán's royal dynasty and several major periods of construction coincided
with changes in soil productivity and land use in the valley.
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There is a further possibility: that Copán's layout does not reflect a purely Maya
urban design. Copán lies on the southeastern edge of the Maya world, and its
organizational principles may have been influenced by those of surrounding cultures. The
blending of urban layout traditions at the Maya periphery was documented before at the
Late Pre-Classic site of No K'uh, where the orientation of the site's E-Group structures
indicates influence from Western Guatemala (Juarez et al. 2019). It is therefore

conceivable that some part of Copán's layout and organization (e.g., the concentration of
people in the Copán Pocket) is the result of interactions between cultural traditions that
created an overall denser system is typical for the Maya. I am unable to determine
whether or not Copán's elite or cultural mixing influenced the pocket's density with the
present data.
It is possible that the sloped terrain of the Copán Pocket simply confined the

population to a smaller-than-expected area. The fact that the sian otots are defined by
geographic features introduces an interesting wrinkle, because under most circumstances
this would imply unchanging boundaries. Consider, then, that the sian otots in the Urban
Core are believed to be the oldest occupations in the Copán Pocket (Webster 2005;
Wingard 1999). The sian otot of El Bosque is constrained on three sides by fairly clear
boundaries: The Main Group to the east, the Rio Copán to the south, and the Rio
Sesesmil to the west. If these features were perceived as the limits of El Bosque by its
inhabitants consistently throughout Copán's occupation, this would lead to a scenario
where a settlement's boundaries would not change in response to population growth. In
such a situation, the settlement would become increasingly dense, until either its
boundaries were redefined (physically altering the settlement area) or families relocated
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to other parts of the pocket (physically altering the population). Since the best soils in the
pocket are located around the Main Group, remaining in the Urban Core would be
preferable to relocation. Copán's internal organization then, from the clustering of
residence groups (where a single structure can help define multiple plazas) to the high
density of the Urban Core could represent an urban adaptation unique to the city in
response to the constraints imposed by the geographic conditions of the Copán Pocket.
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CHAPTER 6: CONCLUSION AND FUTURE DIRECTIONS
My goal in this study was to apply settlement scaling theory (SST) to the ancient
city of Copán to contribute to the ongoing dialogue about urban organization among the
Maya. SST offers a framework though which the properties of urban systems can be
examined mathematically, and as such offers archaeologists a method for testing and
evaluating the accuracy of empirically defined classification systems. For this thesis, I

used SST to examine the relationship between the number of residential structures in
Copán (a proxy for population) and settlement area. My results suggest that the
settlements in the Copán Pocket are denser than expected for a Maya site, and that the
scaling relationship between population and settlement area for Copán seems closer to the
scaling estimated for modern cities than the scaling calculated for Palenque, another
Maya city.

I can suggest several ways to further test the results of this study. Given the
unexpected nature of my results, it is certain that more data is needed to clarify the
findings. As far as I am aware, at the time of this writing settlement scaling theory has
only been applied to two ancient Maya cities: Palenque and Copán. Further studies
concerning the scaling relationships at other Maya sites may provide more insight into
the nature of Maya settlement scaling and the factors that affect such relationships. The
significant difference between the scaling coefficient for the two cities begs the question
of why two settlements from the same region and culture should exhibit differing
responses to population pressure. Data on additional Maya cities might help reveal
whether my results are indicative of regional variation in settlement organization, or
whether there are social, geographic, or environmental factors affecting settlement
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scaling that are not accounted for in the models. It is also possible that the evolution of
cities is simply more complex than SST is able to account for in its present form; the
scaling relationship between area and population may fluctuate over time in response to
external factors such as pandemics, war, and resource access, though there is no way to
test for such events without more data.
Additionally, I would like to see SST applied other tropical low-density cities

beyond those in the Americas to further archaeology's understanding of the unique
properties and regional variations of these systems. Lobo et al. (2019) provides
comparative lists of different scaling relationships for modern and archaeological or
historical settlements as evidence of the accuracy of SST predictions regardless of time,
place, or situation. While the consistency of the results is clear, the modern-day studies
list does not include African, Australian, or island-based cities. The settlements included

on the list of historic or ancient sites are all in the Western Hemisphere (with the
exception of Rome). Considering that Copán and Palenque appear to exhibit scaling
contrary to the expectations of SST and are also in the Western Hemisphere, surveys of
archaeological settlements in other parts of the globe may prove useful in determining
whether my results are anomalous, region-specific, or evidence of alternate scaling
patterns. It is possible that such variability has not yet been reported due to the relatively
small pool of studies that have been conducted so far using SST. I would suggest that
Anuradhapura, Ankor, and Bagan are good candidates for SST research, in part because
of their designation as low-density urban systems of significantly greater size than Maya
sites (Fletcher 2009). Within the Maya region, Tikal and Chichen Itza may be good
candidates for SST analysis due to their size and geographic location in relation to
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Copán. Applying SST analysis to Caracol may also provide useful data on variations in
settlement scaling and Maya urbanism due to the presence of widespread terracing,
reservoirs, and lengthy causeways at the site (Chase and Chase 2017). In addition,
Caracol has already been examined using Lorenz Curves and Gini Indexes, both methods
for analyzing wealth and inequality within a population (Chase, A. S. Z. 2017). Applying
these methods to Copán (and SST to Caracol) would allow the cities to be compared to

one another and enable comparisons between the methods themselves.
Alternatively, there are several ways in which I can refine my results using SST
and the present data set for Copán. I focused solely on the relationship between
settlement population and settled area for this thesis and assumed that all mapped
structures were contemporary. Two recent studies utilize a variety of SST models to
examine change in urban relationships over time. Ortman et al. (2016) examine the socio-

economic effects brought about by the domination of the Wanka culture (1000-1532 CE)
by the Inka in the Central Andes of Peru. By comparing the scaling variables from the
Wanka region before and after conquest, they were able to identify changes in urban
properties and the variables most likely responsible for the change. Likewise, Ortman and
Coffey (2017) compare data on Middle Missouri settlements from three different time
periods to check for variation. They conclude that individual settlement density can
fluctuate significantly over time, and that this can drive change in the group averages.
Applying SST to data from differing time periods at Copán may shine some light on the
urban trends specific to Copán, and possibly give clues to the factors responsible for my
results.
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A second set of relationships modeled by SST have a high potential as a future
research topic at Copán. Given the assumptions that larger settlements are more
productive on average, and that the area of a house can be used as a proxy for household
wealth, the average structure area in a settlement should increase as the household count
increases such that:
y = y0Nδ

wherein y0 is the average structure area of the smallest settlement in the set, N is the
structure count, and δ is a measure of deviation from linearity where 1/6 ≤ δ ≥ 1/3. This
means that a settlement's total productivity (defined by total roofed area) varies with
structure count:
Y = Y0N1+δ
where Y0 is the area of a single-structure settlement. These models could be applied to the

Copán with only minor alterations to the present dataset. Because the typology proposed
by Willey and Leventhal (1978) assigns greater social, economic, and political
importance to larger sites (i.e. sites with numerous large mounds are considered elite),
SST provides an opportunity to mathematically test the criteria of the empirically-based
typology.
For example, Type 3 sites are interpreted as minor elite complexes, and Type 2
sites are interpreted as commoner settlements, but there is recent evidence that the
differences between these types are not as clear cut. Type 2 and 3 sites exhibit similar
patterns of accessibility, cost of movement, and integration (Richards-Rissetto 2012),
implying that the inhabitants of these sites had similar levels of social connectivity
despite differing social ranks. If the scaling relationships for Type 2 and 3 sites also show
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similarities (such as similar roofed area averages), than it is possible that some sites have
been mislabeled or that the criteria for the current typology needs to be refined.
Examining other scaling relationships at Copán, then, could reveal new distinctions
between sites types.
Conclusion
The analysis I performed for this thesis is intended as a starting point for research

on settlement organization among the ancient Maya. I employed settlement scaling theory
(SST) to the sub-communities of Copán, Honduras, and my analysis suggests that Copán
has a significantly dense layout, particularly in the Urban Core. The city's areapopulation scaling coefficient (β) is 0.1581, indicating that Copán's urban density is
unlike that of the city of Palenque, and instead is comparable to that of modern cities,
though 0.1581 falls outside the scaling range predicted by SST (Bettencourt 2013;

Ortman and Coffey 2017). Larger settlements in the pocket are projected to become
considerably denser as population increases, in contrast to interpretations of the Maya
cities as low-density urban systems. I can see two possible interpretations for my results.
On one hand, Copán's unexpected density could suggest that there is considerably more
variation in settlement scaling then previous research using SST indicates. On the other
hand, there may factors outside the scope of SST that influenced Copán's final settlement
organization. The former possibility can be further examined by applying SST to
additional Maya cities and other low-density systems. The latter possibility can be
examined through continued research into Copán's unique layout. Learning about the
factors that could cause a major center like Copán to exhibit a very different areapopulation relationship than other Maya polities could tell use much about urban
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development, settlement organization, and land use, both for Copán and the Maya as a
whole.
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Basin." Latin American Antiquity 30 (1): 211-217.
Leventhal, Richard M. 1979. "Settlement Patterns at Copan, Honduras." Unpublished
Ph.D. diss., Harvard University.
Lobo, Jose, Luis Bettencourt, Michael E. Smith, and Scott Ortman. 2019. "Settlement
Scaling Theory: Bridging the Study of Ancient and Contemporary Urban
Systems." Mansueto Institute for Urban Innovation Research Paper No. 6.
Available at SSRN: https://ssrn.com/abstract=3427336 or
http://dx.doi.org/10.2139/ssrn.3427336.
Lucero, Lisa J. 2002. "The Collapse of the Classic Maya: A Case for the Role of Water
Control." American Anthropologist 104 (3): 814-826.
Lucero, Lisa J., Roland Fletcher, and Robin Coningham. 2015. "From ‘Collapse’ to
Diaspora: The Transformation of Low-Density, Dispersed Agrarian Urbanism."
Antiquity 89 (347): 1139-1154.
Maca, Allan L. Jr. 2002. "Spatio-temporal boundaries in Classic Maya settlement
systems: Copan's urban foothills and the excavations at Group 9J-5." Unpublished
Ph.D. diss., Harvard University.

Ortman, Scott G., Andrew H. F. Cabaniss, Jennie O. Sturm, and Luis M. A. Bettencourt.
2014. "The Pre-history of Urban Scaling." PloS One 9 (2), e87902.
https://doi.org/10.1371/journal.pone.0087902.
Ortman, Scott G., Andrew H. F. Cabaniss, Jennie O. Sturm, and Luis M. A. Bettencourt.
2015. "Settlement Scaling and Increasing Returns in an Ancient Society." Science
Advances 1 (1): e1400066. DOI: 10.1126/sciadv.1400066.
Ortman, Scott G., and Grant D. Coffey. 2017. "Settlement Scaling in Middle-Range
Societies." American Antiquity 82 (4): 662-682.
Ortman, Scott G., Kaitlyn E. Davis, José Lobo, Michael E. Smith, Luis M. A.
Bettencourt, and Aaron Trumbo. 2016. "Settlement Scaling and Economic
Change in the Central Andes." Journal of Archaeological Science 73: 94-106.
https://doi.org/10.1016/j.jas.2016.07.012.
Reindel, M., J. Isla, H. Otten, H. Gorbahn and J.von Schwerin. 2014. "Archäologische
Forschungen in Peru und Honduras im Jahr 2013." Zeitschrift für Archäologie
Außereuropäischer Kulturen 6: 289–308.
Richards-Rissetto, Heather M. 2010. "Exploring Social Interaction at the Ancient Maya
City of Copán, Honduras: A Multi-Scalar Geographic Information Systems (GIS)

76
Analysis of Access and Visibility." Unpublished PhD diss., University of New
Mexico.
Richards-Rissetto, Heather M. 2012. "Social Interaction at the Maya Site of Copán,
Honduras: A Least Cost Approach to Configurational Analysis." In Least Cost
Analysis of Social Landscapes: Archaeological Case Studies, edited by Devin A.
White & Sarah Surface-Evans, 109-127. Salt Lake City, UT: The University of
Utah Press.
Richards-Rissetto, Heather M. 2013. "From Mounds to Maps to Models: Visualizing
Ancient Architecture Across Landscapes." 2013 Digital Heritage International
Congress (DigitalHeritage): 519-522, doi:
10.1109/DigitalHeritage.2013.6744820.
Richards-Rissetto, Heather M. 2017. "An iterative 3DGIS Analysis of the Role of
Visibility in Ancient Maya Landscapes: A Case Study from Copan, Honduras".
Digital Scholarship Humanities 2017 fqx014. doi: 10.1093/llc/fqx014.
Richards-Rissetto, Heather M., and Kristin Landau. 2014. "Movement as Means of Social
(Re)production: Using GIS to Measure Social Integration Across Urban
Landscapes." Journal of Archaeological Science 41: 365-375.
https://doi.org/10.1016/j.jas.2013.08.006.
Scarborough, Vernon L. 1998. “Ecology and Ritual: Water Management and the Maya.”
Latin American Antiquity 9 (2): 135-159.
Smith, Michael E., Rodrigo L. Stuardo, and José Lobo. 2018. "Population Size and Areal
Extent in the Palenque Settlement System: Low-Density Urbanism and Social
Life." Latin American Antiquity. Manuscript in preparation.
Surface-Evans, Sarah L., and Devin A. White. 2012. "An Introduction to the Least-Cost
Analysis of Social Landscapes." In Least Cost Analysis of Social Landscapes:
Archaeological Case Studies, edited by Devin A. White & Sarah Surface-Evans,
1-7. Salt Lake City, UT: The University of Utah Press.
Turner, B.L. II, W. Johnson, G. Mahood, F. M. Wiseman, and J. Poole. 1983. "Habitat y
agricultura en la region de Copán." In Introducción a la Arquelolgía de Copán,
Honduras, tomo I, edited by C. Baudez, 35-142. Secretaría de Estado en el
Despacho de Cultura y Turismo, Tegucuigalpa.
Vogt, Evan Z. 1961. "Some Aspects of Zinacantan Settlement Patterns and Ceremonial
Organization." Estudios de Cultura Maya 1: 131-145.
von Schwerin, Jennifer, Heather M. Richards-Rissetto, Fabio Remondino, Maria Grazia
Spera, Michael Auer, Nicolas Billen, Lukas Loos, Laura Stelson, and Markus
Reindel. 2016. "Airborne LiDAR acquisition, post-processing and accuracy-

77
checking for a 3D WebGIS of Copán, Honduras." Journal of Archaeological
Science: Reports 5: 85-104. https://doi.org/10.1016/j.jasrep.2015.11.005.
Webster, David. 1999. "The Archaeology of Copán, Honduras." Journal of
Archaeological Research 7 (1): 1-53. https://www.jstor.org/stable/41053164.
Webster, David. 2005. "Political Ecology, Political Economy, and the Culture History of
Resource Management at Copán." In Copán: The History of an Ancient Maya
Kingdom, edited by E. W. Andrews and W. L. Fash, 33-72. Santa Fe, NM: School
of American Research Press.
Willey, Gordon R., Richard M. Leventhal, and William L. Fash. 1978. "Maya Settlement
in the Copán Valley." Archaeology 31 (4): 32-43.
https://www.jstor.org/stable/41726231.
Willey, Gordon R, and Richard M. Leventhal. 1979. "Prehistoric Settlement at Copán."
In Maya Archaeology and Ethnohistory, edited by Norman Hammond and
Gordon R. Willey, 57-102. University of Texas Press, Austin.
Wingard, John D. 1992. "The Role of Soils in the Development and Collapse of Classic
Maya Civilization at Copán, Honduras." Unpublished PhD diss., Pennsylvania
State University.
Wisdom, Charles. 1940. The Chorti Indians of Guatemala. Chicago: University of
Chicago Press.

78
Appendix I: Functional exclusion of structures in Copán.
Structures in this list can be excluded in the GIS database based on form, shape, or
function, but were not excluded based on Type. Structures are identified using their
OBJECTID and other designators as recorded in GIS feature class
footprints_dec14_2017. For this dataset, the new column Alt_FIRST_Type was added.
This column is identical to FIRST_Type, except that the structures identified here are
labeled as Type 25, as they are not considered to be residences and so do not match their
previously given type. Objects that bear specific names are included when applicable. In
the event that an OBJECTID applies to a segmented or multipart feature, the number of
parts is listed.
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•
•
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•

34: 10E-3A
47: 10E-50
59: 10E-61
102: 10H-11A
125: 10I-10A
143: 10J-16A
202: 10K-15A
204: 10K-16A
722-726: 10P-37A, B, C, D, E
767: 11E-13A
911: 11K-58A
1025: 11L-15A
1050: 11L-181A
1059: 11L-18A
1066: 11L-194A
1068: 11L-195A (three pieces)
1147: 11L-79 (Ballcourt B)
1210: 11M-44A
1213: 11M-46A
1216: 11M-48A
1218: 11M-4A
1236: 11M-64A
1251: 11N-17
1485: 13C-2
1613: 15C-12A
1635: 15C-7A (four pieces)
1749: 3P-8A
1955: 5O-13A
1974: 5O-28A
2025: 5O-74
2167: 7L-15
2170: 7L-17A
2191: 7M-104
2193: 7M-106 (three pieces)

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

2198: 7M-12A
2211: 7M-22A
2217: 7M-27A
2255: 7M-60A
2257: 7M-61A
2272: 7M-74A
2309: 7N-14A
2312: 7N-16A
2320: 7N-23A
2322: 7N-24A
2343: 7N-40A
2348: 7N-44A
2358: 7N-51A
2380-2381: 7N-70A, B
2516: 8L-100A
2583: 8L-49A
2621: 8L-79A
2624: 8L-80A
2684: 8M-5A
2802: 8O-43
2837: 8P-2A
2850: 9G-1 (two pieces)
2880: 9H-16
2886: 9H-3
2957: 9J-5 (Terrace)
3583: 9P-19A
3605: 9P-5 (Terrace)
3677, 3692, 3695-3699: Los Sapos,
Estela Petapilla, altars, and “Petapilla
Feature”
3702: Platform Stela 13
3725: Stela 13
3775: Terrace
3778-3782: Walls

This is a list of structures and features, comprised of 81 unique IDs, that I believe
can be excluded based on form or function as non-residential structures. There may be
more (many features appearing to be terraces or walls are connected by ID or physical
structure to actual residential features). More than likely, this is a minimum count, just as
the total number of structures is a minimum due to site destruction and lack of data on
perishable structures. It was determined that these features could be safely excluded from
the dataset as they were listed as separate features instead of being listed as a unit with
another structure. Many of this set of exclusions appear to fall within Salamar, Rastrojon,
El Bosque, and Chorro.
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APPENDIX II: 65 features excluded as "unassociated" with a sian otot at present
• 96: 10G-1
• 97: 10G-2
• 98: 10G-3
• 464: 10L-3 Linear feature (20+ pieces)
• 1483: 13C-18
• 1484:13C-19
• 1669: 17L-4
• 1670: 17L-5
• 1674: 3M-1
• 1675-1684: 3M-10 through 3M-19
• 1685: 3M-2
• 1686: 3M-20
• 1687: 3M-21
• 1688: 3M-3
• 1689: 3M-4
• 1690: 3M-5
• 1691: 3M-6
• 1692: 3M-7
• 1693: 3M-8
• 1694: 3M-9
• 1698: 3N-4
• 1699: 3N-5
• 1700: 3N-6
• 1701: 3N-7
• 1757: 4N-1
• 1889-1896, 1898-1900: 4Q-22 through 4Q-32
• 1919-1921: 5M-1 through 5M-3
• 2161: 7L-1
• 2162-2166: 7L-10 through 7L-14
• 2173: 7L-2
• 2180: 7L-3
• 2181: 7L-6
• 2182: 7L-7
• 2183: 7L-8
• 2184: 7L-9
• 2185: 7M-1
• 3721: Stela 10
• 3727: Stela 19
• 3738: Stela 19 Altar
• 2729: Stela 19 East Altar
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APPENDIX III: Distribution of Excluded Features

- there are 3,785 features and structures included within the feature class
"Archaeological Features and Structures" (footprints_dec14_2017).
• 232 features were excluded based on the the expanded Harvard Typology
(FIRST_Type)
- 115 features excluded as Type 5
• Type 5s are found exclusively within the Principal Group (Main Group)
- 74 features excluded as Type 10 (altars)
• 61 features associated with the Principal Group
• 3 features within El Pueblo
• 1 feature within Las Sepulturas
• 1 feature within Titoror
• 6 features within El Bosque
• 2 features Unassociated with a sian otot
- 39 features excluded as Type 15 (stela and associated platforms)
• 30 features associated with the Principal Group
• 2 features within El Pueblo
• 2 features within San Rafael
• 3 features within El Bosque
• 2 features Unassociated with a sian otot
- 4 features excluded as Type 20 (sacbe)
• 2 features within Las Sepulturas
• 1 feature within Salamar
• 1 feature within Comedero
• 62 features excluded by association
- 61 additional features of Type 0-4 excluded for being unassociated with a sian
otot
- 1 feature (OBJECTID = 449, Structure 10L-235) is a Type 0 associated with the
Principal group and was therefore excluded.
• 81 features were excluded based on "functionality". A Type 25 designation was
given to 81 features that were judged to be non-residential but were Type 0-4 and
were clearly associated with a sian otot grouping. A special attribute column was
created, Alt_FIRST_Type, in which these 81 features have been labeled Type 25
instead of the designation given in attribute column FIRST_Type. Some are simple
terrace features or walls, others are small altars, ballcourts, and the like.
• 1 feature within Bolsa de Petapilla
• 8 features within Chorro
• 2 features within Comedro
• 10 features within El Bosque
• 2 features within El Pueblo
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•
•
•
•
•
•
•
•
•
•
•
•

•
•
•

10 features within Mesa de Petapilla
4 features within Ostuman
12 features within Rastrojon
1 feature within Rincon del Buey
5 features within Salamar
7 features within San Lucas
5 features within San Rafael
4 features within Las Sepulturas
2 features within Tapescos
3 features within Titichon
2 features within Titoror
3 features within Yaragua
Total number of features and structures excluded from the study based on Type,
association, or residency potential: 375 features
Total number of "residential" structures in the Copan Pocket: 3,410 features
Estimated minimum population for Copan based on ethnographic household size:
17,050 peoples

